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. Of interest, five of the 24 had current S. typhi immunization, and the severity of illness and the median incubation period (14 days) was about the same for vaccinated and unvaccinated patients. Only three of the 24 infections were caused by clinical isolates; the remainder resulted from proficiency tests (11 cases) and stock strains (10 cases). A variety of exposures were involved, but at least five of the 24 patients had not worked directly with the organisms; they were merely present in a laboratory while others were studying S. typhi. The risk of laboratoryacquired typhoid fever is hard to measure because the number of persons at risk is unknown; in three national proficiency programs, there was one case of typhoid fever for every 655 laboratories receiving S. typhi.
During 1967-1972, 330o of the cases of typhoid fever in the United States were imported. Review of the case-report forms for 2,468 cases of acute typhoid fever that occurred in the United States between 1975 and September 1984 showed that 58% of these were imported. The proportion of cases that are imported has varied from year to year, but the general trend has been upwards, with 68%0 and 74%o of cases in 1983 and 1984, respectively, being imported.
During the decade 1975-1984, about 43%7 of the travel-associated cases occurred in persons who were not United States citizens. Forty-five percent of the imported cases in the United States came from Mexico, and 15%, from India. No other country was a prominent source. However, these data do not give us the risk of typhoid fever associated with travel to particular areas because data on numbers of travelers going to and from these areas are very difficult to obtain. Taylor et al. [6] were able to make some rough estimates of risk, although their data were imperfect because the denominators included only air travelers who were also United States residents. These data showed that the risks were highest for travelers to India and Pakistan, with >400 cases per one million travelers. Mexico, which accounted for almost half of the imported cases in the United States, presented a much smaller risk for the individual traveler, with 34 cases per one million travelers. The lowest rate was for northern Europe, with 0.6 cases per one million travelers.
In conclusion, in the United States a new typhoid vaccine is most likely to be useful in overseas travelers, especially those going to developing countries in Asia. It would be useful to have better denominator data on travelers so that better estimates of the risks associated with each country could be calculated. Among persons who do not travel, the vaccine would be most useful for workers in microbiology laboratories who work with S. typhi. When the efficacy and cost of the new vaccine are known, cost-benefit studies could be done to help develop recommendations.
Dr. Myron M. Levine (University of Maryland, Baltimore) described epidemiologic patterns of endemic typhoid fever and the usefulness of seroepidemiology. A seroepidemiologic tool is necessary to determine the prevalence of S. typhi infection in geographic areas where notification data for typhoid fever are not based on bacteriologic confirmation and where other infections exist (e.g., typhus, malaria) that may clinically resemble typhoid. In Chile notification data in the 1970s suggested that typhoid fever was endemic in all socioeconomic segments of the population in Santiago, where seroprevalence data were high, whereas typhoid fever was rarely seen in the cool, wet, southern lakes region of the country, where the seroprevalence was low. Thus, measurement of S. typhi H antibody by the tube dilution method in populations where parenteral vaccine is not commonly used represents a rapid, simple, and practical tool for seroepidemiology.
Dr. Narain H. Punjabi (U.S. Naval Medical Research Unit No. 2, Jakarta, Indonesia) was asked if the clinical severity of typhoid fever was increasing in the developing world. In his thoughtful paper he replied that the question is unanswerable. The reported case-fatality ratios, ranging from 10%o to 37% in the preantibiotic era [7] , appeared to decrease to 1%-12% in the years after introduction of chloramphenicol [8] . However, in areas of some countries (Indonesia, India, Nigeria) case-fatality ratios of 9%-32% have been reported in the past 10-15 years [9] . Unfortunately, available clinical data are noncomparable over time and from place to place because of inconsistencies in case definitions and differences in methods of case counting, laboratory expertise, populations studied, and definitions of complications such as intestinal perforation, myocarditis, pneumonia, and central nervous system manifestations. The countries that report increased typhoid severity share several characteristics: (1) rapidly increasing populations, (2) rapidly increasing urbanization, (3) inadequate facilities for processing human wastes, (4) decreasing water supply per capita, (5) intimate contact between humans, food, and heavily contaminated water supplies, and (6) overburdened health care delivery systems [10] . It is likely that these factors have led to increased numbers of people coming into contact with larger inocula of S. typhi; this in turn has probably led to an absolute increase in number of cases of typhoid fever, with perhaps an increase in the incidence and an increase in the prevalence and percentage of severe typhoid cases. Incomplete antimicrobial therapy for typhoid has probably aggravated the situation.
Recent studies from Indonesia indicate that in some areas of the country, the incidence of typhoid fever is 10 cases per 1,000 population per year and that typhoid fever is among the five major causes of death. Typhoid kills young adults at the beginning of their productive years; these people frequently have several young children, so here the socioeconomic impact of the disease is magnified. A reliable estimate of the typhoid mortality rate is not yet available.
According to Dr. Punjabi the question that must be answered is not whether the clinical severity is increasing, but, rather, how much severe disease exists and whether there are differences in the severity of the disease in different parts of the world. These questions can only be answered by carefully designed, population-based prospective studies that place great emphasis on case definition, methods of case counting, and recognition of severe and fatal cases. Only when this information is available will we be able to assess the true impact of typhoid fever on the health of communities throughout the world and make rational decisions as to what resources must be allocated for the control of the disease.
Dr. Catterine Ferreccio (Ministry of Health, Santiago, Chile) reported on her studies of typhoid fever in children younger than two years of age in Chile. Because few cases of typhoid fever are reported in children under two years of age, Dr. Ferreccio thought it necessary to determine whether young children do not consume the vehicles that transmit S. typhi to older children or whether infection occurs but the infant host manifests an atypical illness not recognized clinically as typhoid. To assist in resolving this question, Dr. Ferreccio and colleagues systematically performed blood cultures for children under two years of age with fever who were seen at health centers in Santiago during the three peak months of the typhoid fever season in 1983 and 1984. By the end of March 1984, blood from 648 infants younger than 24 months old had been cultured. Acute respiratory infection in 43%, diarrhea in 18%, and viral syndrome in 15% were the commonest clinical diagnoses at the time of examination. None of the infants appeared severely ill, and in no instance was enteric fever considered in the differential diagnosis; consequently, were it not for the study protocol, a blood culture would not have been performed for any infant.
S. typhi was isolated from seven children (1.1%), Salmonella paratyphi B, from five (0.8%), and S. paratyphi A, from one infant (0.1%). No other blood cultures contained pathogenic bacteria. The clinical syndrome in these 13 infants was mild, consisting of one to five days of fever of <38.8?C and the presence in some patients of cough, pneumonitis, diarrhea, or vomiting. No infants had a rash or splenomegaly. Upon follow-up it was found that the mothers had spontaneously discontinued the medication after one or two days because the infants appeared well. In each instance the infection resolved without complications. The Widal test was performed on convalescent-phase sera from nine of these young children with benign S. typhi and Salmonellaparatyphi bacteremia; all but one serologic test were negative for antibodies against S. typhi and S. paratyphi A and B. Thus, it seems that infants in a hyperendemic area of Chile are infected more commonly than is appreciated and manifest a mild, bacteremic illness not recognized as enteric fever.
Dr. Claudio F. Lanata (Instituto de Investigaci6n Nutricional, Lima, Peru) spoke on the role of chronic typhoid carriers in Santiago, Chile [11] , and the diagnostic methods he and his colleagues used to identify such carriers. Typhoid fever is highly endemic in Santiago. Chile also has one of the highest prevalences of cholelithiasis in the world. The combination of these two factors has led Dr. Lanata and colleagues to assess the prevalence of chronic S. typhi carriers in Santiago. They used a reliable census, the data available from a large necropsy survey done in about 2,000 persons -most of whom died from accidental trauma-that showed the prevalence of cholelithiasis in Santiago and a recent report of the prevalence of S. typhi in bile from 1,000 persons undergoing cholecystectomy in seven major Santiago hospitals. Calculations reveal that in 1980 there were approximately 25,019 female chronic carriers and 4,575 male chronic carriers, a total of 29,594 chronic S. typhi carriers in Santiago, yielding a crude rate of 694 carriers per 100,000 population. The way in which these large numbers of chronic carriers transmit S. typhi to a susceptible population was the focus of Dr. Sears' presentation, summarized elsewhere in this report.
The detection of chronic carriers of S. typhi is not easy. The traditional method, which has been the collection of a series of daily stool cultures, is expensive and only intermittently positive because S. typhi is inhibited by the normal colonic flora. One bile sample obtained by duodenal string with pH >6 and stained yellow was as sensitive in recovering S. typhi as three stool cultures.
To determine whether Vi serology might be useful to detect carriers, Dr. Lanata and colleagues compared stool and bile culture results with Vi antibody titers in the same Santiago residents. Dr. Lanata measured Vi antibody by a passive hemagglutination assay [12] , utilizing a highly purified Vi antigen obtained from Citrobacter freundii provided by Dr. J. B. Robbins.
From 569 women who participated in the screening, 36 (6.3% ) were chronic S. typhi carriers detected by culture. The geometric mean Vi antibody titer among the 36 carriers was 1:296, compared with 1:53 in 29 patients with documented acute typhoid fever, 1:21 in 388 women with past history of typhoid fever who were not carriers, and 1:16 among 59 healthy adult Chileans selected by a random sample. These differences were highly significant statistically. As expected, the sensitivity curve decreased with an increment of the screening Vi antibody titer, whereas the specificity increased [12] . Dr. Lanata concluded that the passive hemagglutination assay used to measure the Vi antibody level is very sensitive and specific for the screening of chronic carriers. This screening assay is practical and technologically appropriate for populations where typhoid fever is endemic.
Dr. J. Glenn Morris, Jr. (University of Maryland, Baltimore) and associates conducted family studies in Chile in an attempt to better understand typhoid transmission patterns [13] . They were interested in determining whether chronic carriers were present in the households where there were children with typhoid, how frequently concurrent and secondary cases occurred within households, and whether risk factors could be identified for persons with typhoid as compared with uninfected household members.
They collected data from 24 families having a family member younger than 16 years with cultureconfirmed typhoid fever; complete clinical, laboratory, and epidemiologic data were available for 155 of the 161 family members in these 24 families. A chronic carrier was identified in only one household; two households had concurrent or secondary cases. Index cases were significantly more likely to eat outside of the household at least once per week than were other age-matched household members. Unexpectedly, they found that 17 of the 155 household members, from 13 different households, were culturepositive for nontyphoidal Salmonella or Shigella. These cases were distributed through all age groups, with no geographic clustering of cases and no household having more than one household member with the same species or serotype of Salmonella or Shigella.
These data suggest that chronic carriers within the household do not play an important role in transmission of typhoid in Santiago. Also, the inability to identify additional household cases suggests that transmission within households, including acquisition of S. typhi by consumption of a common vehicle, is not a frequent occurrence. The high isolation rate for nontyphoidal Salmonella and Shigella indicates that persons in the study population have a high general level of exposure to enteric pathogens; the failure to identify more than one person with the same species or serotype of either organism in any of the households again suggests that infections are acquired away from the home. Taken together, these data emphasize the importance of events occurring outside of the household in the epidemiology of typhoid (and other enteric pathogens) in Santiago.
Dr. Stephen D. Sears (University of Maryland, Baltimore) reported on his environmental bacteriology studies in Chile and their relevance for epidemiologic control of typhoid fever [14] . Because Dr. Morris showed that most cases of typhoid fever were not associated with a chronic carrier in the home, Dr. Sears and his colleagues decided to look more closely at the water and sewerage system in Santiago. They learned that although three-fourths of households are connected to the sewerage system, there is no treatment of sewage. Thus, raw, untreated sewage enters the Mapocho River (which traverses northern Santiago) or the Zanjon de la Aguada (a large open sewer that traverses southern Santiago from east to west before emptying into the Mapocho River southwest of the city). As the Zanjon and the Mapocho River reach the western most portion of metropolitan Santiago, their fecally polluted, untreated waters are diverted for irrigation of crops during the rainless summer season. Prior to May 1983, 90% of the crops grown in this region were lettuce, cabbage, and celery-vegetables that are difficult to wash and that are eaten raw in salads in Chile.
The hypothesis that raw vegetables grown with untreated waste waters and fruit "freshened" with contaminated river water represent important vehicles of transmission successfully explains the following epidemiologic observations: first, the striking seasonality of typhoid (irrigation is used in the summer when there are no rains); second, the low reported incidence in young children (raw vegetables are not an important food item for infants and toddlers); third, the high incidence of typhoid fever in high socioeconomic neighborhoods of Santiago (where salads are eaten in restaurants and at home); and fourth, the low incidence of typhoid fever in the lakes region of Chile (because of year round rains in this region, irrigation is not used). Because the sensitivity of the Moore swab is inversely related to the size of the waterway sampled, the isolation rate of 11% from these large waterways is probably an underestimate. S. typhi is fastidious, easily inhibited by coliforms, and usually present in relatively small numbers in environmental samples. The Moore swab, by acting as a filter, improves the chance of isolating rare S. typhi among millions of coliforms, and Dr. Sears has shown it to be a practical, reliable tool for isolating S. typhi from irrigation water in endemic areas. Finding S. typhi of the same phage types in irrigation water as those causing disease supports the hypothesis that contaminated vegetables in Santiago serve as important vehicles of transmission.
Dr. Robert E. Black (University of Maryland, Baltimore) conducted a matched-pair case-control study of typhoid fever in Chile from December 1980 through June 1981. His aim was to identify risk factors and vehicles of typhoid fever in the eastern area of Santiago, an area that includes families of all economic strata but consists largely of middle-and highincome persons living in modern housing. Typhoid fever in Chile has a marked seasonality, with a peak in the summer months, and the highest incidence occurs in children between the ages of eight and 13 years. Furthermore, typhoid fever seems to have a high incidence among both poor and wealthy children, even those who apparently live in nearly optimal sanitary conditions. Cases were defined as occurring among children of either sex from three through 14 years of age living in the eastern area of Santiago who were diag-nosed as having typhoid fever confirmed by blood and/or bone marrow cultures positive for S. typhi. Controls were children of the same sex and age, plus or minus one year, who lived in the same neighborhood as a child with a case and who were identified by following a preselected route that started at the home of the case.
Dr. Black's study questionnaire covered the following topics: socioeconomic level (including house construction and ownership; number of rooms, beds, and persons in the house; presence of electricity or refrigerator in the house; and ownership of a car); sanitary conditions at home (including water source and bathroom facilities and food and drink consumption at home and outside of the home for the two weeks prior to the onset of illness in cases and for the same period for the matched control); existence of cooks and/or maids at home and their role in food preparation; frequency of eating food from street vendors, restaurants, or schools; history of gallbladder disease among the food handlers at home; contact with known cases of typhoid fever in the preceding two months; and travel and swimming activities in the month prior to onset of illness. Stool cultures were performed for the primary food handlers in the households of both cases and controls.
This study revealed that food handlers preparing food solely for their families were not the main source of S. typhi infection. Two stool cultures should identify most asymptomatic carriers, and by use of this technique only two carriers were found in the homes of 78 cases. Although chronic carriers are undoubtedly important in the transmission of S. typhi, these studies indicate that chronic carriers within the household could account for only a small fraction of typhoid fever cases. The only significant risk factor in cases compared with controls was the consumption of flavored ices sold by street vendors. The risk factors identified in this study are consistent with the hypothesis, also proposed by Dr. Morris, that most S. typhi contamination originates outside of the home. From these data it cannot be determined if this contamination results from preparation of food items by chronic S. typhi carriers outside of the home or from the use of raw foods contaminated with S. typhi from Santiago sewage.
Dr. Eduardo Gotuzzo (Universidad Peruana Cayetano Heredia, Lima, Peru) performed a casecontrol study of typhoid fever in Lima, incorporating an experimental design similar to that used by Dr. Black in Chile. In summary he found that eating out was a risk factor for children and adults, especially for those who ate from street vendors. He emphasized the difficulties in using the case-control epidemiologic design in endemic areas where multiple modes of S. typhi transmission undoubtedly exist. Furthermore, he found that the incubation period of typhoid fever is too long for persons to remember reliably what they may have eaten two weeks before.
Diagnosis and Bacteriology
Speakers from six countries reviewed and compared bacteriologic methods for the diagnosis of acute typhoid fever. From 1980 to 1984, Dr. Stephen L. Hoffman and associates (U.S. Naval Medical Research Unit No. 2, Jakarta, Indonesia) evaluated a number of bacterial isolation techniques used in more than 500 patients with culture-positive typhoid fever [15] . In Jakarta the bone marrow aspirate culture (BMAC) was the best method for isolating Salmonella from patients with typhoid and paratyphoid fever; it was positive in approximately 9007o of patients and was at least 20% more sensitive than all other isolation methods tested. The BMAC specimen was easy to acquire from the iliac crest of children or the posterior superior iliac spine of adults; the procedure was well tolerated by patients, without significant adverse effects (two minor wound infections among more than 600 patients), and the aspirate was positive in culture more rapidly than were specimens from other sites. Chloramphenicol therapy did not interfere with recovery of S. typhi from bone marrow. The streptokinase clot culture was, if anything, inferior to the blood culture; the duodenal string bile culture was probably no better than a blood culture and certainly no better than the combination of rectal swab and blood culture. When a bone marrow sample cannot be acquired, increasing the amount of blood drawn, increasing the dilution of blood in broth, and combining the results of blood, bile, and rectal swab cultures will significantly improve isolation rates. In terms of culture media, there was no advantage in using trypticase soy broth with sodium polyanethol sulfonate as compared with use of 10% oxgall. Dr. Hoffman concluded that an improved method requiring less blood and broth is needed to improve S. typhi isolation rates from blood.
Dr. Eduardo Gotuzzo presented the joint diagnostic experience of several Peruvian investigators. In 616 Peruvian adults hospitalized with typhoid fever in Lima from 1976 to 1983, the isolation rate varied according to the body site cultured; the bone marrow was positive in 877o of patients, bile in 720o%, blood in 45%, and stool in 35%7 of patients [16, 17] . Culture of bone marrow in trypticase soy broth, Ruiz-Castaneda, and oxgall media showed no differences in isolation rates (90%-97% positive), but oxgall (62% positive) was superior to the other two media (40% and 47% positive) for the culture of blood. In oxgall medium, 77% of blood cultures were positive if no antibiotics were given before culture, but only 50% of blood cultures were positive if antibiotics had been used. By contrast, bone marrow cultures were not affected by prior antibiotic use. Blood cultures and blood clot cultures treated with streptokinase were equally sensitive. The experience of the operator seemed important in obtaining positive bone marrow cultures because the hematologist and chief resident were significantly more successful than the medical intern in culturing S. typhi (88%7 vs. 62%o positive). In a separate study comparing stool cultures, 43 children were positive significantly more often than 48 adults (65% vs. 27%, respectively). A series of 91 pregnant women with typhoid had bacterial isolation rates similar to those for the adult population.
Dr. Joel Escamilla and Philippine colleagues (U.S. Naval Research Unit No. 2 and San Lazaro Hospital, Manila, the Philippines) evaluated duodenal string capsule (DSC) cultures for the diagnosis of enteric fever in Manila. Parallel cultures of DSC, blood, rectal swab, and urine were performed on a group of persons thought to have enteric fever to determine the sensitivity of each test under three situations: before in-hospital administration of antimicrobial agents, after three days of in-hospital antimicrobial treatment, and two days after the last dose of a 14-day antimicrobial treatment regimen.
Enteric fever was bacteriologically confirmed in 30 of 72 patients entered in the study; 18 patients presented with S. typhi and 12 had S. paratyphi A in at least one of the four pretreatment cultures. DSC and blood cultures were equally sensitive but were significantly more sensitive than rectal swabs and urine cultures. Twenty-eight patients of those having previously confirmed cases were retested during the course of antibiotic treatment. Sixteen (57%) were still culture-positive at this time, and three of 27 were still positive after treatment had been completed. Again, cultures of blood and DSC were the most useful. All S. typhi and S. paratyphi A strains were susceptible to chloramphenicol, ampicillin, and trimethoprim-sulfamethoxazole, whether they were isolated before, during, or after antibiotic therapy. Cultures of blood and DSC together confirmed 29 (96.7%) of 30 cases tested before treatment, and the combination confirmed all 19 cases that were positive during or after treatment. The excellent performance of blood cultures may have been due to the use of 10 ml of blood rather than a lesser volume, use of two types of culture media, the favorable dilution (1:11) of blood to broth, and incubation of cultures for 21 days before regarding them negative.
Although there was excellent agreement between results of the cultures and final diagnoses of patients, bone marrow cultures were not performed and such cultures are generally regarded as the most sensitive test for confirming enteric fever. Thus, the possibility exists that the overall culture-positive rates reported by Dr. Escamilla may have been low. Nonetheless, the results indicate that, regardless of status of antimicrobial treatment, there is no significant difference between the results of blood and DSC cultures in their patients and that the two types of cultures comprise a good test combination for the diagnosis of enteric fever.
Dr. Robert Gilman (Johns Hopkins University, Baltimore) cultured blood, urine, stool, bone marrow, and rose spots from 62 Mexican patients thought to have typhoid fever. Bone marrow culture was the single most effective method of isolation, considerably more so than blood culture. Culture of a rose spot was also a useful procedure, and in two patients (3%) it was the only culture positive for S. typhi. In Maryland volunteers with typhoid fever tested by Dr. Gilman, the string test was positive for S. typhi in four of seven patients. Also, in two of seven volunteers who became ill after challenge with S. typhi, the string test was positive before stool or blood cultures, suggesting a high rate of biliary infection early in the course of typhoid fever. In chronic Bangladeshi typhoid carriers, the string test was sampled after it had remained in patients overnight, and, if bile stained on retrieval, it was significantly more effective for isolation of S. typhi than was the stool culture.
Dr. Isidoro Horwitz and colleagues (Faculty of Medicine, University of Chile, Santiago) studied 80 children between four and 14 years old with bacteriologically confirmed enteric fevers. The combined sensitivity of two blood cultures was 71%o, the bile culture obtained by string test was positive in 6907o, and the bone marrow culture was positive in 7901% of the patients; these differences were not significant. In eight patients (10%), the bile culture was the only positive specimen. The combination of two blood cultures plus one bile culture proved to be as sensitive (92%) as that of two blood cultures plus one bone marrow culture (86%), and the procedure is less invasive. Dr. Horwitz recommends the combination of two blood cultures plus one bile culture as the most practical and efficient assay for the bacteriologic diagnosis of enteric fevers in children.
Dr. John Sippel and Egyptian associates (Naval Medical Research Unit No. 3, Cairo, and University of Alexandria, Alexandria, Egypt) estimated the extent to which S. typhi lipopolysaccharide (LPS) antigens are involved in the immune response in pediatric typhoid fever by Western immunoblot analysis. Virtually no bands were observed when control sera were tested by immunoblot against LPS, whereas heavy, broad bands were produced with serum from typhoid patients. These bands were not present when the patients' sera were absorbed with LPS. When whole cell S. typhi antigens were immunoblotted, a few narrow bands were seen with the control sera, but both narrow and broad bands were produced with the patients' sera. Again, the broad bands were eliminated when the sera were treated with LPS.
An ELISA that measured IgM and IgG antibodies against S. typhi LPS antigen was compared with Widal agglutination for the diagnosis of typhoid fever in these pediatric patients (<12 years of age). Dr. Rapid identification of cultured organisms. S. typhi in blood culture may be rapidly identified by coagglutination (COAG) with a suspension of protein-A-bearing Staphylococcus aureus sensitized with O and Vi antibodies [18] . S. typhi antigen(s) in the culture broth could be detected by immunoprecipitation in counterimmunoelectrophoresis (CIE) [19] . In coprocultures the incorporation of S. typhi antibodies in semisolid media will result in a halo of immunoprecipitate around S. typhi colonies [20] . Alternatively, COAG may be applied directly on colonies on culture plates [21] . Because the latter two methods are only applicable to fecal culture, they are of limited value in rapid diagnosis.
Rapid detection of antibody. High titers of agglutinating antibody measured by the single-serum Widal test suggest recent infection with S. typhi, but this test usually requires overnight incubation. O and H antibody titration may be done more rapidly if samples are incubated at 52?C. Agglutinating antibodies may be titrated rapidly in slide tests [22] . Recently, a slide Widal test has been claimed to be highly specific and moderately sensitive [23, 24] . Precipitating antibody may be rapidly detected in CIE, but it is a qualitative test, highly specific but of variable sensitivity [25, 26] . RIA has been described to determine antibodies to LPS and protein, but it is not suitable for rapid diagnosis. ELISA has also been described by Dr. Sippel in this workshop and by others [27] for class-specific antibodies to LPS antigens. CIE and ELISA methods deserve further evaluation. IHA has also been used to quantitate 0, H, and Vi antibodies. An indirect immunofluorescence (IF) method for quantitating Vi antibody has recently been described; a titer of >1:64 was found to be highly sensitive and specific [28] .
Detection of antigen in bodyfluids. Urine and sera of typhoid fever patients and control patients have been investigated for the presence of bacterial antigens. Passive staphylococcal coagglutination has been used to detect O, H, and Vi antigens in urine; the results reported by Mr. Lesmana in this workshop were highly sensitive but not very specific [29] . An ELISA for Vi antigen in urine also lacked satisfactory specificity [30, 31] . CIE, used to detect antigen in serum [25] , appears to be highly specific, but its sensitivity ranges from 36% to 92% in different studies [ [34] . Ninety-seven Indonesian patients who were culture-positive for S. typhi and who were delirious, obtunded, stuporous, comatose, or in shock were considered to have severe typhoid fever. The case-fatality ratio in such patients treated with standard antimicrobial therapy but with no dexamethasone was 51.4%. By contrast, the casefatality ratio was only 16.7% in patients with severe typhoid fever treated with standard antimicrobial therapy and high-dose dexamethasone (initial dose, 3 ig/kg over 30 min, followed by eight doses of 1 p/g/kg given at 6-hr intervals for a total of 48 hr). There was no significant difference in medical or surgical complications among survivors in both treatment groups. Of the severely ill typhoid patients, 88% had been ill more than four days, 72% were older than four years of age, 93%o had <10,000 leukocytes/jul blood, and 307o had an abnormal CSF On the basis of an experience of >500 typhoid patients, Dr. Hoffman and his colleagues have developed the following recommendations for the optimal use of high-dose dexamethasone in Indonesian patients: (1) Dexamethasone is only to be used in severe typhoid fever; more than 80% of typhoid patients in Jakarta do not require it. (2) All patients in Jakarta with fever and shock or abnormal mental status must be suspected of having typhoid fever. Dr. Claudio F. Lanata described his recent attempt to treat chronic S. typhi carriers with antibiotics. In the past, cholecystectomy alone provided a cure rate of 40%-70%, and in one small study in Italy, ampicillin given intravenously for two weeks cured 100% of carriers. In general the combination of surgery and intravenous ampicillin is very successful but is invasive, costly, and unpopular among patients and is not a practical public health regimen in endemic countries. In order to confirm that 6 g of amoxicillin plus 1.5 g of probenecid ingested daily for 28 days was an effective and practical oral regimen for the nonsurgical treatment of S. typhi carriers, regardless of the presence of gallstones, Dr. Lanata conducted a clinical trial in Santiago, an area hyperendemic for typhoid fever and cholelithiasis.
Using this regimen Dr. Lanata was able to cure only 58%7o of 26 chronic S. typhi carriers. All failures occurred within the first four months of follow-up. Poor compliance and amoxicillin-resistant S. typhi were not causes of treatment failure. A more likely cause was gall bladder disease, present in all 12 of the carriers who had oral cholecystograms. The serum amoxicillin level was compared in each of 12 carriers who were cured with that in eight carriers who were not cured. Because the mean amoxicillin level measured at 4 hr after dosing was significantly lower in the failed group, Dr. Lanata speculates that carriers could have failed because they metabolized amoxicillin faster, with subsequent lower serum and bile levels. Dr. Lanata urged that the search for an effective and practical ambulatory treatment of chronic S. typhi carriers should continue, especially now that specific and practical screening techniques for such carriers exist. Dr. Robert E. Black described the 1982-1983 Ty 21a vaccine field trial in Chile. The incidence of typhoid is five to 10 times higher in Santiago than it is in Alexandria, the site of the first field trial, where the annual incidence was only 44 per 100,000 schoolchildren. Furthermore, the formulation used in Egypt (three doses over one week of 109 organisms resuspended in buffer just before administration together with 1-g chewable bicarbonate tablets) is impractical for mass immunization. It was important to learn whether a simpler formulation and fewer than three doses of vaccine could provide protection in an area hyperendemic for typhoid fever.
Immunology and Prevention
Thus, Dr. Black and his colleagues initiated a randomized double-blind field trial of vaccine efficacy. Because the highest rates of typhoid fever are in school-aged children in Santiago, they conducted the study in this age group. Children were randomized into three groups-one group to receive two doses of an enteric-coated vaccine one week apart, one group to receive one dose of vaccine and one dose of an identical placebo, and one group to receive two doses of placebo. The enteric-coated formulation was found to be very practical for mass vaccination; 92,000 participating schoolchildren received vaccine or placebo within one week without notable adverse reactions. Following vaccination, bacteriologically confirmed cases of typhoid fever were identified in schoolchildren. In the first year of surveillance after vaccination, 67 cases of typhoid fever were identified in children who received placebo, an incidence of 211 cases per 100,000 children. In contrast, 58 cases were identified in children who had received one dose of vaccine and only 29 cases in children who had received two doses of vaccine. Thus, one dose resulted in 16% vaccine efficacy and two doses in 50% efficacy for the first year. In the second year after vaccination, there were 45 cases in the placebo group. The vaccine efficacy was 42% with one dose and 72%o with two doses. When one examines the efficacy of two doses of vaccine for three-month periods, it is apparent that there was 60% -90% protection for each quarterly period except for April to June of the first year, when the protective efficacy nearly disappeared for unknown reasons.
Salmonella paratyphi B causes approximately 10%o of the enteric fever illnesses in Santiago. Since this organism shares O antigen 12 with S. typhi, Dr. Black was interested to determine if Ty 21a provided some protection against S. paratyphi B illness. In the two years after vaccination, 56 cases of enteric fever with blood or bone marrow cultures positive for S. paratyphi B were identified. One dose of Ty 21a vaccine resulted in 22% efficacy against S. paratyphi B, and two doses resulted in 54% efficacy.
The level of protection against typhoid fever found in the first Santiago field trial was substantially lower than the efficacy of 95% observed in the Egyptian field trial of Ty 21a. Several reasons for the reduced efficacy were considered. First, the vaccine dose schedule was changed from three doses within one week to two doses one week apart or one dose only. Second, the vaccine organisms were administered in lyophilized form contained within enteric-coated capsules, instead of being ingested as a liquid, after neutralization of gastric acid with sodium bicarbonate. Third, the incidence of bacteriologically confirmed typhoid fever in Santiago schoolchildren was five times that of Egyptian children, raising the question of whether protective efficacy could be less in heavily endemic areas where children may ingest large doses of S. typhi. In addition to these considerations, it was important to determine if protection could be enhanced by increased spacing between vaccine doses, possibly resulting in a boosting of immunity. Thus, a second field trial was conducted in 1983-1984 in Santiago, and the results were reported by Dr. noted that workshop papers on the epidemiology of typhoid fever stressed the difficulty in quantifying typhoid fever as a public health problem in many areas of the world because precise incidence and prevalence data were lacking. However, serologic tests for the prevalence of H antibodies to S. typhi provide a means of estimating the relative importance of typhoid fever in such countries. Populations cited as being at high risk for typhoid fever were school-aged children in developing countries, visitors from industrialized countries who travel to endemic areas, and technicians in clinical microbiology laboratories. These populations represent potential candidates for immunization with new, improved typhoid vaccines.
Attention was focused on the apparent worldwide differences in case-fatality rates and in clinical severity of typhoid fever in different geographic areas. It is not known if such differences are due to geographic variations in strains of S. typhi, promptness of therapy, or host factors.
Several speakers conducted case-control and family-based investigations in only partially successful attempts to unravel the complexities of transmission of S. typhi in endemic areas. The long incubation period of typhoid fever and the high infectionto-case ratio represent major impediments to such epidemiologic studies.
A systematic study from Santiago, involving blood cultures of several hundred infants with low-grade fever, demonstrated that S. typhi and S. paratyphi A and B can cause a mild, self-limited bacteremic illness. These data imply that in infants S. typhi infection is commoner than previously appreciated and, for reasons that are not entirely clear, may not present clinically as enteric fever. High-dose steroids have proved successful in the treatment of severe typhoid fever occurring in Indonesia.
Progress has been made in improving the simplicity and accuracy of identifying chronic S. typhi carriers. A simple passive hemagglutination test utilizing highly purified Vi antigen was 75'%o sensitive and at least 92% specific in identifying chronic biliary carriers of S. typhi in an endemic area (Santiago). A four-week course of oral amoxicillin and probenecid cured only 55%o of chronic carriers with biliary tract disease. Thus, other antibiotic regimens must be sought that will achieve higher cure rates before such domiciliary therapy can be considered a practical public health tool.
Speakers from six countries, comparing bacteri-ologic methods for the diagnosis of acute typhoid fever, agreed that bone marrow culture represents the single most sensitive procedure for the recovery of S. typhi and that clot culture offers no advantage over blood culture. Further investigations of the usefulness of duodenal string cultures are warranted, particularly in children. A review of the status of immunoassays for the rapid diagnosis of typhoid fever leads to the conclusion that a test does not yet exist that satisfactorily combines sensitivity, specificity, simplicity, rapidity, and economy for the rapid immunodiagnosis of typhoid fever. An enigmatic feature of the epidemiology and microbiology of typhoid fever is the relatively low prevalence of antibiotic-resistant S. typhi strains in endemic areas, despite the widespread use of antibiotics and the high-grade antibiotic resistance of many other Enterobacteriaceae. Studies undertaken to investigate this phenomenon found that in vitro S. typhi readily accepts R factors bearing antibiotic resistance. However, the growth of these S. typhi strains is diminished, and their plasmids are somewhat less stable than they are in E. coli. These observations in part explain the low prevalence of antibiotic-resistant S. typhi strains.
Several papers on murine typhoid described results of experiments with S. typhimurium that may have relevance to S. typhi infections in humans. These include the demonstration of flagellae as a virulence factor and the use of mice with various genetic defects for testing the efficacy of live and killed S. typhimurium vaccines. In strains of mice that are inherently resistant to Salmonella, killed whole cell parenteral vaccines that induce antibody are highly efficacious. However, in hypersusceptible mice, only a live attenuated S. typhimurium strain used as an oral vaccine is able to confer protection, presumably because it induces cellular immunity.
Measurement of cell-mediated immunity using newly developed antigens, such as artificial glycolipids, represents one of the exciting areas of research in typhoid fever. Synthetic antigens of Salmonella may be particularly important in measuring human immune responses to live oral typhoid vaccines.
As for vaccines, the large-scale field trials in Santiago have shown moderate efficacy for two or three doses of live attenuated vaccine strain Ty 21a given in a highly practical enteric-coated formulation. Other live vaccine candidates, the aro-pur-auxotrophic mutants, have reached the point where they are ready for trials in humans. A different approach to immunization against typhoid fever involves the use of purified Vi polysaccharide antigen as a parenteral vaccine.
The exciting new research presented in this multidisciplinary workshop engendered a sense of optimism among participants for improved, worldwide control of typhoid fever.
